We report a very rare case of Streptococcus canis native infective endocarditis in a 73-year-old woman living in close contact with her dog. Her echocardiography showed large calcifications in the mitral annulus, massive regurgitation below the posterior leaflet, and adjacent vegetation. Blood culture was positive for Streptococcus Lancefield group G. A coronary artery bypass and mitral valve replacement had to be done. Streptococcus canis was detected in a heart valve using a broad range PCR followed by 16S rRNA and confirmed by tuf gene sequencing, while tissue culture remained negative. The patient was not bitten by her dog nor did she have comorbidities or skin ulcers. She fully recovered.
Streptococcus canis is a ß-hemolytic, large colonyforming member of the Lancefield group G streptococci (GGS). Genetic studies based on DNA hybridization and 16S rDNA sequencing revealed S. canis relation to S. pyogenes and S. dysgalactiae. Although the microbe is a part of domestic carnivores' resident microflora, it can also be an important pathogen. The microbe may cause diverse infections in animals (1, 2) and may be transmitted between them when living in close proximity (3) .
According to Galp erine et al. (4) , S. canis infections in humans, either zoonotic or community-based, are rare and manifest as soft tissue infections (65%), bacteremia (9%), urinary infections (6%), bone infections (4%), pneumonia (2%), or were asymptomatic (15%). In their study, most infections were community-based, like those due to other GGS. Interestingly, 78% of cultures were of a polymicrobial nature. The isolates were sensitive to most of the tested antibiotics. There were several S. canis septicemia cases secondary to dog/cat bites or even a simple contact (5-7). Additionally, two cases of S. canis-infected leg wounds were published: one sepsis case in a not bitten diabetic dog owner (8) , and another of ulcer infection in a person, whose dog had licked his leg (9) .
To date, there have been three infective endocarditis (IE) cases caused by S. canis described in the literature (10) (11) (12) .
Here, we report a case of S. canis native IE in a patient living with a cuddly dog.
CASE REPORT
A 73-year-old woman (153 cm, 70 kg) was admitted to a regional hospital because of fever (39°C) and signs of acute left heart failure. After receiving symptomatic treatment, her conditions stabilized. She had a history of hypertension, hyperlipidemia, Etoile, France) was used to identify the strains. PathoDxtra Strep Grouping Kit (ThermoFisher Scientific) was used to determine the Lancefield group. All culture sets identically revealed the b-hemolytic GGS. Antibiotic testing was performed using Microlatest MIC G+ (Erba Lachema, Brno, Czech Republic). All strains were susceptible to cefalotin, penicillin, ampicillin, erythromycin, chloramphenicol, vancomycin, teicoplanin, and clindamycin.
ECHOCARDIOGRAPHY AND CORONAROGRAPHY FINDINGS
Bed-side echocardiography showed mitral regurgitation and, inconclusively, signs of vegetation on mitral leaflets. Intravenous treatment with 1.2 g amoxicillin clavulanate three times a day was initiated.
The patient was transferred to the Department of Cardiac Surgery, Olomouc, for further treatment. Repeated transoesophageal echocardiographies showed large calcifications in the mitral annulus, massive regurgitation below the posterior leaflet, and confirmed adjacent vegetation approximately 22 9 14 mm in size (Fig. 1A,B) .
The ejection fraction was 55%. Slightly elevated hepatic enzymes, C-reactive protein of 61.5 mg/L, and leukocytosis (10.22 9 10 9 /L) were found. The patient showed hemodynamic stability. Due to her age and smoking history, a selective coronarography was performed. Critical stenosis of the left anterior descending artery (LADA) and the diagonal branch was displayed (Fig. 2) .
Surgery was indicated because of recent heart failure, massive mitral regurgitation, vegetation, and critical LADA stenosis. During surgery, posterior mitral leaflet destruction, annular calcifications, and very fragile infection-affected tissue were discovered. A left mammary artery bypass to LADA and mitral valve replacement [biological prosthesis Epic 25 (St. Jude Medical, MN, USA)] were performed. Resected valve tissue was sent for culture and DNA analysis.
For culture, heart valve tissue pieces were homogenized in a sterile mortar with a crushed sterile cover glass in 1 mL of liver broth. The homogenized material was transferred onto Columbia, MacConkey, Sabouraud, and anaerobic agars, and liver broth. S. aureus was inoculated over inoculation lines on Columbia agar to detect Haemophilus spp. Incubation was performed at 37°C with 10% CO 2 for 18-48 h; anaerobic agar was cultured for 48 h in an anaerobic atmosphere. After 24-h incubation, the broth was inoculated onto Columbia agar and MacConkey agar. The culture time was extended to 5 days. All types of culture media (Trios base; Becton Dickinson, Franklin Lakes, NJ, USA) resulted negative.
MOLECULAR EXAMINATIONS
DNA was extracted from the excised valve and vegetation using a Qiamp DNA Blood Mini Kit (Qiagen, Hilden, Germany) with the modifications described earlier (13) . Amplification was carried out using primers targeting the whole 16S rRNA gene (14) . PCR mixes were decontaminated with 8-methoxypsoralen and UV light cross-linking before the template DNA was added. PCR inhibition and contamination controls were performed (13) . PCR showed strong positivity; the amplicons were sequenced on an ABIPRISM 3130 Genetic Analyser (ThermoFisher Scientific) using primers mentioned above, together with primers designed for sequencing (5 0 -GCCGCAAGGTTAAAACTCAA-3 0 , 5 0 -AGGCCAGGTAAGGTTCTTCG-3 0 ). The highest 16S rDNA homology was shown for S. canis (100% with GenBank accession no. KP851852), using a BLAST tool (http://www.ncbi. nlm.nih.gov/blast), in <24 h after sample delivery. Since S. canis IE is an extremely rare condition, we performed additional tuf gene PCR (fw 5 0 -GGYGC YGCICARATGGA-3 0 and rev 5 0 -CGICCRCCY TCITCYTT-3 0 ) and sequencing, confirming S. canis presence (100% with GenBank accession no. EU156908).
After surgery, the patient's laboratory findings showed progressive normalization of leukocyte count, C-reactive protein, hepatic enzymes, and kidney function. Based on the results, antibiotic treatment with five million units of penicillin G, intravenously, four times daily for 6 weeks was established. Because of long use of intravenous antibiotics, a central venous MIDLINE TM catheter (Teleflex, Morrisville, NC, USA) was inserted into the left basilic vein. A post-operative echocardiography showed good systolic function of the nondilated left ventricle, ejection fraction of 55%, and the mitral bioprosthesis functioning properly (gradients 14/8 mmHg). Before being discharged, echocardiography confirmed the mitral bioprosthesis was functioning properly, with gradients 14/ 9 mmHg and no signs of a paravalvular leak. The patient was transferred back to the regional hospital for further rehabilitation and ongoing intravenous antibiotic therapy. Patient was followed 1, 6, and 18 months after surgery. She was doing well, latter echocardiography showed proper systolic function, ejection fraction of 55%, and no signs of edema or infection. She admitted living with a very cuddly golden retriever and swore she had not been bitten.
DISCUSSION
Zoonotic infections due to animal streptococci have increased dramatically in recent years (15) . Moreover, in a standard diagnostic laboratory, S. canis may be mistaken for Streptococcus dysgalactiae using biochemical panels for identification, thus the real number of S. canis human infections may be relatively underestimated (8) .
In all three previously published S. canis IE cases as well as in our case, the microbe was detected using PCR and sequencing while the surgical material culture remained negative. As shown in Table 1 , 2/3 patients presented with fever and sepsis, 2/3 patients were in contact with a dog, but none were bitten. As with our case 2/3 cases presented with native IE. Blood culture was positive in 2/3 cases. In our case, Streptococcus found in the blood culture could not be differentiated from other GGS using standard agglutination tests. Serological groups according to Lancefield typically contain more species. Oppositely, different strains of one species can cluster into different groups because of high streptococcal antigenic variability. Therefore, species identification relying on other methods such as sequencing (10, 12) or mass spectrometry (10) is desired. Precise species identification may be important for epidemiological reasons. The probable IE source was close contact with her pet dog. It has to be taken into account that there is a risk of S. canis bacteremia/sepsis once the patient having albeit minor skin lesions has been licked by a dog. Our patient did not have any ulcers but worked as a gardener, so a possible small wound licked by a dog could have been a pathogen's entry portal.
CONCLUSION
This case shows a need to consider IE in cases of S. canis bacteremia, especially in patients that own dogs. As presented here, even simple contact between an immunocompetent adult and a dog can result in S. canis IE. The 16S rRNA and tuf gene sequencing proved useful in confirming the blood culture results and, in addition, to identify Streptococcus to the species level in this case.
We suggest that routine diagnostics including S. canis differentiation from other GGS is performed especially in patients with streptococcal sepsis/bacteremia who own dogs. Involving these tools in daily practice may help to uncover emerging zoonosis and identify the source of S. canis infection. None of the patients was bitten by a dog. 2 The strain was identified by MALDI as Streptococcus canis.
3
The strain was identified as Streptococcus Lancefield group level G.
